The studies involved gilts 6 weeks pre-partum allocated into the control and experimental groups. The experimental group received vitamin C at the dose of 2.5g/100 kg b.w./day. Faeces for analyses were collected for 3-and 6-week period of vitamin C dietary inclusion. The faecal material underwent quantitative and qualitative bacteriological evaluation. The count of Enterobacteriaceae was evaluated. The qualitative examination of these bacteria was made using the micro-plate method API 20E. Feed supplemented with vitamin C contributed to a statistically significant decline of the total bacterial count of Enterobacteriaceae in faeces. The qualitative bacterial analyses showed the presence of E. coli, Providecia sp., Proteus sp., and Salmonella sp. in the control and experimental groups. Enterobacter sp. was recovered only in the control group, while Lactobacillus sp. in the experimental group. The dietary administration of vitamin C significantly decreased the number of the studied bacterial species, except Salmonella rods. No statistically significant differences in the number of most blood morphotic elements following the 6-week supply of vitamin C were found; only the granulocyte count significantly increased, while lymphocyte numbers declined. Ascorbic acid inhibited the growth of pathogenic intestinal flora and reduced the pathogenic and relatively pathogenic bacteria count in the gastrointestinal tract and notably contributed to enhanced growth of beneficial bacteria.
Efficient swine production and health status largely depend upon management conditions and adequate nutrition. One of determinants affecting pig performance proves to be well-functioning digestive tract with beneficial microbial flora (17) . The microbial community inhabiting the gut tract is composed of so called beneficial microbes (e.g. Lactobacillus, Bifidobacterium), relatively pathogenic (e.g. Escherichia coli, Proteus), and pathogenic (Salmonella, Shigella) (22) . The pathogenic microorganisms from infected animal faeces can also contaminate the air at pig housing facility (8, 21) . Jurek et al. (8) demonstrated that the most commonly recovered bacteria in the air of piglet rearing unit are: Escherichia coli, Shigella sp., Enterococcus faecium, Enterococcus faecalis, Staphylococcus lentus, Staphylococcus xylosus, and Staphylococcus sciuri. Głębocka and Roszkowski (6) reported that the presence of pathogenic microbes in sow's pen may affect piglets, as Enterobacteriaceae are transmitted to neonatal pigs.
The main aim of swine breeding is to achieve good pig performance and high health status and therefore, antibiotic growth promoters (AGP) were used worldwide in pig production. However, the total ban on the use of AGPs introduced in 2006 resulted in implementation of alternative feed additives that include probiotics, prebiotics, plant extracts, and organic acids (6, 13) . A key role is played by acidifiers as the alkaline reaction of ingesta stimulates the development of beneficial microbial flora (7) . The importance of ascorbic acid as an acidifier has been well known, especially for pigs. These animals are able to synthesise vitamin C but under unfavourable conditions, the synthesis proves to be insufficient (14) . Vitamin C supplementation of diets for gestating and lactating gilts increases the ascorbic acid concentration in piglets. It is most essential primarily in the first week of neonatal life when newborn pigs are unable to synthesise their own ascorbic acid (20) . The effect of vitamin C dietary inclusion immediately after weaning is most noticeable, because at that time the animals are exposed to various stressors, which tend to decrease the levels of this vitamin (12) .
In the case of pigs, vitamin C, which serves as acidifier, promotes development of beneficial bacteria of the gastrointestinal tract. Therefore, the objective of the present research was to define if feed supplemented with vitamin C affects sow faecal bacteria. Taking into account that ascorbic acid also influences the immune system; the haematological parameters of blood were evaluated as well.
Material and Methods
The study was conducted at a pig farm. The animals were managed under the deep litter system at the closed-cycle production. All pigs were fed commercial complete diet without a vitamin C additive, which was confirmed at the beginning of the study using a method for vitamin C determination (3). The investigation included 18 gilts of the Duroc breed being over 6 weeks pre partum. The pigs were divided into three groups: the control group K in which the pigs did not receive vitamin C supplement and two experimental subgroups D 1 and D 2 . In subgroup D 1, pigs were receiving ascorbic acid for 3 weeks whereas in subgroup D 2 for six weeks. Animals received vitamin C (JFARM, Poland) at the dose of 2.5 g/100 kg b.w./pig/day added to the small amounts of feed given before the total feed ration was provided. During the experiment, faeces were obtained directly from the rectum. The gilts were housed in individual pens. The health status of gilts was satisfying. All animals were provided with permanent veterinary care. The microclimate conditions were monitored and the zoohygienic norms were not exceeded.
The qualitative and quantitative microbial load of faeces was analysed. The count of Enterobacteriaceae was evaluated according to the Polish Norm PN ISO 21528-2. The faecal samples (1 g) were added to distilled water with Tween 80 reagent and then tenfold dilution was made in Ringer`s solution. Additionally, the cultures were inoculated on the essential and selective-culture media. After the incubation period, the number of Enterobacteriaceae was determined.
The qualitative studies of Enterobacteriaceae were made using the standardised micro-plate method API 20E. Blood for haematological examination was taken from the jugular vein. The following blood parameters were evaluated: the counts of leukocytes, lymphocytes, monocytes, granulocytes, erythrocytes, and thrombocytes, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), haemoglobin (Hgb), and haematocrit (Hct). The haematological examination was performed using MS9 automated haematology analyser, (Melet Schloesing Laboratories, France). Blood cells were assessed using conductometry and haemoglobin by colorimetric assay.
The results of quantitative microbial load of faeces were analysed statistically by Mann-Whitney test (Wilcoxon rank sum). The remaining results were verified statistically with one factor variance analysis (test F) by Statistica 6.0 programme, taking into account arithmetic mean ( x ) and standard deviation (SD).The significance level P 0.05 was assumed.
Results
Total count of the Enterobacteriaceae recovered from the faecal material obtained from animals of the control and experimental groups is presented in Table 1 .
The faeces collected from the gilts after the 3-and 6-week supply of vitamin C showed a significant statistical (P 0.05) decline in the number of bacteria (8.27x10 6 cfu and 3.74x10 5 cfu) as compared to the control group (1.27x10 8 cfu). The qualitative evaluation of faecal microbial load is presented in Table 2 . Values denoted by different letters (a, b, c) in line -differ significantly between the control group and experimental groups (P 0.05). The faecal samples obtained from all pigs from both groups exhibited the presence of E. coli, Providecia sp., Proteus sp., and Salmonella sp. The Enterobacter sp. bacteria were identified only in the faeces taken from the control group animals, whereas Lactobacillus sp. in the faecal material from the experimental group collected after the 3-and 6-week feed supplementation with vitamin C. Klebsiella sp. and Shigella sp. were not isolated from the examined faecal specimens. Table 3 summarises the number of the bacterial species found in the faeces from gilts from K, D 1 , and D 2 groups.
Estimation of the microbial count indicated a statistically significant decrease in E. coli numbers in the pig faecal samples collected after the 3-and 6-week period of vitamin C supplementation of the feed (6.09x10 6 cfu and 1.60x10 6 cfu) as compared to the controls (2.11x10 7 cfu). Additionally, statistically significant differences in the count of these bacteria were also observed between both experimental groups.
Supplementation of vitamin C in the swine diet has contributed to a statistically significant decline in Providecia sp. count in the investigated faecal samples from the animals from group D 1 after the 3-week diet with ascorbic acid additive (2.40x10 3 cfu) as compared to the control group (4.40x10 4 cfu). It has also promoted a significant fall in Proteus sp. number in the faeces from the group D 1 animals (1.52x10 6 cfu) and group D 2 (8.38x10
4 cfu) in comparison to the control group (1.36x10 7 cfu). However, ascorbic acid did not have positive influence on the presence of Salmonella sp. as the count of these microorganisms determined in the faecal specimens from the group D 1 pigs (7.81x10 4 cfu) and group D 2 (1.00x10 5 cfu) has even raised, but the differences were not statistically significant.
Pig health status was evaluated taking into account the essential haematological parameters of blood. The effect of vitamin C supply on the haematological blood parameters is presented in Table 4 .
The number of leukocytes in group D 2 6 weeks after the vitamin C administration showed a slight decrease, while the erythrocyte count increased as compared to the controls. A minor rise in haemoglobin and haematocrit levels was also found, but the differences were not statistically significant. Only the significant differences (P 0.05) were observed for lymphocytes and granulocytes. The lymphocyte count in the blood of gilt from group D was slightly higher, whereas that of granulocytes declined as compared with group K.
Discussion
The main source of microbial contamination of pig housing facility proves to be animal faeces (18) . Bacterial counts in the fresh faecal samples are not relatively high. However, the number increases as the faeces stay on the litter for a long time and probably are provided with the environment more conducive to microbial growth (temperature, moisture) (16) .
The faecal samples collected from the experimental groups in weeks 3 and 6 after the ascorbic acid treatment were found to show a statistically significant fall in the Enterobacteriaceae number. Vitamin C acts as an acidifier and decreases the pH value of the digestive tract, which implies its beneficial effect on the composition of intestinal bacterial flora. Low pH value conditions provide the maintenance of appropriate beneficial species of intestinal flora, and consequently reduce growth of pathogenic bacteria (15) . As a result, the number of pathogens excreted in faeces diminishes.
Kluczek and Kluczek (9) studied the microflora content in animal faeces from a pig facility and recorded Enterobacteriaceae concentration at 10 7 cfu. The same authors (10) found 30 million bacteria from the family Enterobacteriaceae, 24 million from the Streptococcaceae family, and 4.62 million from the Micrococcaceae in the growers` faecal specimens. The animal gastrointestinal micro-flora frequently contaminates the farm building. Kołacz et al. (11) in their study estimating the microbial number in the housing facilities of pigs and poultry showed the bacterial contamination in swine units to be 70 times higher than in battery hen houses and 52 times higher compared to rearing houses of poultry meat birds.
The faeces of all the studied animals contained E. coli, Providecia sp., Proteus sp., and Salmonella sp., whereas the other authors found bacteria of the genus Bacteroides, Streptococcus, Enterococcus, and Clostridium in swine faeces (2, 19) . Salanitro et al. (19) reported that circa 90% of isolated bacteria were Grampositive, while E. coli and other anaerobic species constituted only 8%. Kluczek and Kluczek (9) indicated that both bacteria, Gram-positive and Gram-negative, were recovered from animal faeces at different isolation frequency but the dominating species were as follows: Kluyvera sp., Serratia marcescens, Pseudomonas cepacia, Streptococcus faecalis, Gemella haemolysans, Leuconostoc sp., Staphylococcus aureus, Micrococcus varians, and others.
Bacterial counts of E. coli, Providecia sp., and Proteus sp. significantly declined after dietary vitamin C supply depending on a bacterial genus. The highest drop of microorganism count was noted for Proteus sp. The presence of Salmonella sp. in swine faeces was also evaluated. Importantly, these bacteria count did not lower after the vitamin C supply but increased. However, the differences were not statistically significant. In the present study, the bacteria serovars were not isolated but some authors state that Salmonella Choleraesuis and S. Typhimurium are the dominant serological types in swine (4, 15) .
Besides, in the faecal material from the control group pigs, the Enterobacter sp. bacteria were identified, while in those from the experimental groupLactobacillus sp. The determination of lactic acid bacteria in faeces after the dietary vitamin C supplementation gives evidence of its positive influence on the beneficial flora growth, rearing performance, and survival rate of neonatal pigs. Positive influence of vitamin C on the last two mentioned parameters, that is, rearing performance and survival rate of neonatal pigs, were also reported by Lechowski (14) .
The impact of ascorbic acid supplementation on some morphotic elements of swine blood was also assessed. A statistically significant rise of the granulocyte count and a decline of a lymphocyte number were demonstrated. This illustrates the effect of vitamin C on production, migration, and activity of granulocytes as well as on lymphocyte transformation and formation (1) .
According to Fridrich (5) , ascorbic acid promotes an increase in erythrocyte number and haemoglobin concentration in organism but the presented research did not prove it.
The obtained results of the present research have confirmed the appropriateness of the vitamin C supplementation in the swine diet. Ascorbic acid inhibits the growth of pathogenic intestinal flora and reduces the pathogenic, as well as relatively pathogenic bacteria in the gastrointestinal tract, and notably, contributes to enhanced growth of beneficial bacteria. Additionally, supplemental vitamin C had positive influence on some blood morphotic elements, especially granulocytes, whose rise boosted the pig immunity and improved overall animal health status.
